Study objective: Lack of oral anticoagulation prescription in the emergency department (ED) has been identified as a care gap in atrial fibrillation patients. This study seeks to determine whether the use of a tool kit for emergency physicians with a follow-up community-based atrial fibrillation clinic resulted in greater oral anticoagulation prescription at ED discharge than usual care.
INTRODUCTION
Atrial fibrillation is the most common sustained cardiac dysrhythmia and has been targeted as becoming a worldwide epidemic in the upcoming decades. 1 It is associated with significant morbidity, mortality, and cost, including a 2-fold increase in mortality and a 6-fold increase in the risk of stroke. 2, 3 The attributable stroke risk caused by atrial fibrillation is 15%, two thirds of which may be prevented with adequate oral anticoagulation. 4 Administrative data in Alberta demonstrated that the use of oral anticoagulation was associated with a significantly reduced risk of stroke and all-cause mortality in patients with incident atrial fibrillation. 5 The emergency department (ED) is often the location of the first diagnosis of atrial fibrillation. 6 The Randomized Evaluation of Long-Term Anticoagulation Therapy Atrial Fibrillation Registry is an ED-based registry of 15,400 patients with ECG-documented atrial fibrillation in 46 countries; the reported use of oral anticoagulation at discharge from an ED for patients with a CHADS 2 score of greater than or equal to 2 was found to be 65.7%. 7 Recognizing that this is a significant gap in care of patients with atrial fibrillation 8, 9 and that addressing this gap could lead to reductions in stroke and death, we sought to determine whether a multidisciplinary ED-based intervention, with prompt follow-up by a community-based clinic dedicated
Editor's Capsule Summary
What is already known on this topic Patients evaluated for atrial fibrillation in the emergency department (ED) often do not receive oral anticoagulation prescriptions despite increased thromboembolic risk.
What question this study addressed
The authors measured the rate of new oral anticoagulation prescriptions by emergency physicians for eligible atrial fibrillation patients before and after exposure to educational and atrial fibrillation specialty-clinic follow-up interventions during a 24-month period in 5 EDs in Canada.
What this study adds to our knowledge New oral anticoagulation prescriptions increased from 15.8% to 54.1% after the educational tool was implemented. Additional telephone and atrial fibrillation clinic follow-ups did not improve oral anticoagulation prescribing (47.2%).
How this is relevant to clinical practice
Prescriber education improved oral anticoagulation initiation at ED discharge but without significant improvement at 1 and 6 months.
to the care of atrial fibrillation, would improve prescription of oral anticoagulation for patients presenting to the ED with atrial fibrillation.
MATERIALS AND METHODS Study Design
This was a multicenter, pragmatic, 3-phase before-after study performed in 5 EDs in 3 urban communities in Canada (North Vancouver, British Columbia; Moncton, New Brunswick; Halifax, Nova Scotia; ED census 30,000 to 60,000), using the Strengthening the Reporting of Observational Studies in Epidemiology guidelines for reporting. 10 Further details on the sites is included in Appendix E1, Table 1 , available online at http://www.annemergmed.com. All subjects in phases 2 and 3 provided informed consent before enrollment; a waiver of consent was obtained for patients included in phase 1. The study was conducted from June 2015 to May 2017.
Selection of Participants
Patients were eligible for inclusion if they had ECGdocumented atrial fibrillation on a 12-lead ECG and presented to the participating ED. Patients were excluded if they had a prosthetic or mechanical mitral or aortic valve, had known rheumatic heart disease, were unable to provide informed consent, were admitted to hospital at their index ED visit, had a known life expectancy of less than 6 months, or had metastatic malignancy. Patients who had recurrent ED visits during the study period were included only once in either phase 2 or 3 because their identity was known by the site. Patients transferred in from other institutions who were directed to a specialty service were not eligible for participation. Patients were approached for participation by the emergency physician, but provided consent after discharge to the research coordinator at each site.
Interventions
The study consisted of 3 phases. Phase 1 (before) was a retrospective chart review performed on consecutive patients who presented to the ED with documented atrial fibrillation in each center in the year before the beginning of intervention phases 2 and 3. Each hospital and ED chart was abstracted by trained data abstractors to obtain demographic and clinical characteristics, including reason for ED visit (atrial fibrillation or other), stroke risk factors (CHADS 2 65, consisting of congestive heart failure, hypertension, aged 65 to 74 years, aged !75 years, and diabetes, each giving 1 point and previous stroke or transient ischemic attack resulting in 2 points), 11 and status of oral anticoagulation at discharge. Each of the after phases 2 and 3 were conducted for 6 months, with a 1-month changeover permitted between each phase (Figure 1 ). Before initiation of phase 2, each emergency physician group underwent an educational session and introduction to the study in regard to atrial fibrillation management in the ED. These sessions were uniform between sites and based on the most recent Canadian Cardiovascular Society Guidelines for ED management of atrial fibrillation.
11,12 Phase 2 was a "lowintensity" intervention phase consisting of the following components: atrial fibrillation educational materials provided to the patient in the ED, a letter to the family physician outlining the visit to the ED, and a tool for emergency physicians to guide prescription of oral anticoagulation ( Figure 2 ). The prescription of oral anticoagulation was left to the treating physician's discretion, according to the tool provided to him or her as part of the study; however, prescription of an oral anticoagulant for 2 weeks was strongly encouraged. Phase 3 was a "highintensity" intervention phase that consisted of the same components as phase 2, but an additional telephone followup at 48 to 72 hours after discharge from the ED from a nurse specializing in atrial fibrillation, with a subsequent in-clinic visit with a cardiologist within 7 days of the index ED visit. This phase was specifically designed to better understand the effect of early follow-up after ED discharge on ED prescription of oral anticoagulation. A single group educational session of 1 hour's duration was also offered to patients in phase 3 but was not mandatory as part of participation. These were performed by the atrial fibrillation clinic nurse at each site, at the hospital where the study took place. Patients were followed with 1-month and 6-month telephone calls to determine bleeding incidence, stroke, ED visits, hospitalizations, and status of oral anticoagulation.
The patients were grouped as follows: (1) efficacy analysis population: patients not previously receiving oral anticoagulation at the ED visit and who were oral anticoagulation eligible, defined as aged 65 years or older or CHADS 2 score greater than or equal to 1, according to the Canadian Cardiovascular Society atrial fibrillation guidelines 13 ; (2) oral anticoagulation eligible population: defined as aged 65 years or older or CHADS 2 score greater than or equal to 1; and (3) the overall population. Patients were classified as having primary atrial fibrillation if this was the diagnosis most responsible for their ED visit. Newonset atrial fibrillation was defined as not having a diagnosis before the ED visit.
The tool kit was developed using an iterative process involving input from experts in knowledge translation knowledge-to-action framework was used for development of the tools. 14 The following values for the atrial fibrillation prescription tool were derived from these meetings:
1) Safety to ensure that patients at high risk of bleeding were not provided with a prescription for oral anticoagulation. These safety measures were derived from the HAS-BLED score (hypertension, abnormal renal/liver function, stroke, bleeding predisposition, labile international normalized ratio [INR] , age >65, drugs [concomitant aspirin or non-steroidal anti-inflammatory or alcohol]) and included older than 80 years, platelet levels less than 110Â10 9 /L, INR greater than 1.5 or known cirrhosis, alcoholism, creatinine level greater than or equal to 100 mmol/L (or creatinine clearance 40 mL/min), and any bleeding resulting in hospitalization or transfusion. 15 The age cutoff of 80 years was derived from consensus as a guide to emergency physicians to ensure safe oral anticoagulation prescription for patients who had not previously been prescribed oral anticoagulation, but is not an exclusion to oral anticoagulation in the HAS-BLED score or other scores that profile risk of oral anticoagulation use. All educational sessions for the emergency physicians were funded by the Canadian Stroke Prevention Intervention Network and by the Heart and Stroke Foundation of Canada.
2) Short-term oral anticoagulation prescription for 2 weeks, followed by follow-up with general practitioner.
3) Prescription of oral anticoagulation according to the
Canadian Cardiovascular Society atrial fibrillation guidelines. 13 The checklist went through multiple iterations until consensus was achieved. The tool kit was available in print only for the study.
Methods of Measurement
Each data abstractor at the sites was trained by the coordinating center to ensure homogeneity in data collection and was trained on a standardized data collection tool (see Appendix E1, available online at http://www. annemergmed.com, for details). The methods for chart reviews of ED records provided guidance for the data collection methods. Definitions for each field were provided (Appendix E1, available online at http://www. annemergmed.com) on the case report forms. Data abstractors collected patient demographics, including age at ED presentation, sex, date of ED visit, pulse rate, type of atrial fibrillation, primary diagnosis of ED visit, CHADS 2 score, 16 HAS-BLED score, 15, 17 family physician, oral anticoagulation at the ED visit, and oral anticoagulation prescription at discharge. These were obtained from the ED visit. Further data on other cardiac history, sleep apnea, pulmonary disease, thyroid disease, medication history, bleeding, and laboratory investigations were obtained from the electronic medical record at the participating hospital. The telephone follow-up was performed by a single research assistant to ensure uniformity in data collection across sites. Data for bleeding events, repeated ED visits, and hospitalizations were obtained through review of the electronic medical record by each data abstractor at the participating site to ensure homogeneity of data collection between phases 1, 2, and 3. Data for oral anticoagulation prescription at follow-up were obtained through telephone follow-up only and hence were available for phases 2 and 3 only. Further details on data abstraction are presented in Appendix E1, available online at http://www. annemergmed.com.
Outcome Measures
The primary outcome was the rate of new oral anticoagulation prescription at ED discharge for patients not previously receiving oral anticoagulation at the ED visit and who were oral anticoagulation eligible. New oral anticoagulation prescription was defined as a prescription for one of rivaroxaban, dabigatran, apixaban, or warfarin. This determination was made from the ED chart in all 3 phases. The primary analysis compared this outcome between phases 1 and 3. Secondary outcomes included the rate of new oral anticoagulation prescription in phase 2 compared with phase 1, as well as between phases 2 and 3; the oral anticoagulation prescription rate in oral-anticoagulationeligible patients at 30 days and 6 months was compared between phases 2 and 3; major and minor bleeding, stroke, atrial fibrillation-related ED visits, and hospitalizations were compared between phases 2 and 3. Major bleeding was defined as bleeding that was not a hemorrhagic stroke but required hospitalization or caused a decrease in hemoglobin level of greater than 2 g/L or required a blood transfusion. 18 All other bleeding was classified as minor. A tertiary outcome was the uptake of the tool kit by the emergency physician; this was calculated as the rate of number of tool kits used compared with the overall number of patients with atrial fibrillation who presented during phases 2 and 3.
Primary Data Analysis
The proposed sample size was based on the primary outcome examining the rate of new oral anticoagulation prescriptions given to the patient in the ED for those who were not receiving oral anticoagulation and were oral anticoagulation eligible. Using a weighted average from previous ED-based studies, [7] [8] [9] we estimated that the baseline new prescription rate for oral anticoagulation in the control group (phase 1) would be 22.4%. It was projected that the rate of new prescriptions would be 50% in phase 3 according to previous data. 19 With the above assumptions, a sample size of 47 patients who were not receiving oral anticoagulation and were oral anticoagulation eligible in each of phases 1 and 3 (ie, 94 patients in total) would be required to achieve 80% power at a¼.05 to detect a difference in rate of new oral anticoagulation prescriptions between phases 1 and 3. Alternatively, if we assumed the analysis population in phase 1 was equal to that in phase 3 and the prescription rate in phase 1 remained the same (15.8%), then we would have 80% power to detect a difference of 6.1% between phases 1 and 3. The lowest prescription rate in phase 3 would be 21.9% to result in a detectable difference.
Patient characteristics were summarized as mean (SD) or median (interquartile range) for continuous variables, depending on the normality of distribution and frequency (percentage) for categorical variables. The normality of each continuous variable was examined with a combined approach, including visual inspection through histogram with fitted normal curve and Q-Q plot, and assessment using skewness and kurtosis. Pairwise difference between phases with corresponding 95% confidence interval (CI) were calculated with the Welch-Satterthwaite method for mean, Hodges-Lehmann method for median, and Wald method for proportion.
In this study, we implemented a logistic regression model with center treated as fixed effect to account for the underlying correlation of clustered observations because it was shown to perform better than multilevel model and generalized estimating equations when the number of clusters was extremely small (N 10). 20, 21 Considering the nonrandomized nature of this study, the models were adjusted for the following potential confounding factors: individual components of CHA 2 DS 2 -VASc scores (age, sex, heart failure, hypertension, previous thromboembolic event, diabetes, and vascular disease), previous risk of bleeding, and atrial fibrillation as the primary diagnosis in the ED. Hosmer-Lemeshow goodness-of-fit test was applied to evaluate the model fit. Results were expressed as odds ratios (ORs) with corresponding 2-sided 95% CIs and associated P values. Independent predictors of oral anticoagulation use at 6 months were identified with a logistic regression model. The initial model included all clinical variables suspected to be associated with oral anticoagulation use and those identified in univariate analysis with P<.25. A backward elimination approach was then applied to individually remove covariates with P>0.10 in the multivariable model, starting with those with the highest P value. Finally, to identify remaining potential confounders, all of the dropped variables were individually readded to the multivariable model and kept in it if the effect size of any other predictors changed by greater than 10%. Subgroups identified a priori were sex and CHADS 2 score greater than or equal to 2. All statistical analyses were performed with SAS (version 9.4; SAS Institute, Inc., Cary, NC). Unless otherwise stated, all hypothesis tests were conducted with 2-sided tests at the .05 level of significance.
No adjustment for multiple testing was made because the secondary analyses were conducted for exploratory purposes.
RESULTS
There were 631 patients included in the study in all 3 phases (phase 1 n¼360; phase 2 n¼145; and phase 3 n¼126) (Table 1, Figure 3 ). In phases 2 and 3, there were 3,242 patients with a diagnosis of atrial fibrillation during these phases. Of these, 495 patients (15.2%) underwent use of the atrial fibrillation checklist. Compared with phase 3, which included the atrial fibrillation clinic in follow-up, patients in phase 1 were older (70. (Table 2 ). There were no differences in baseline characteristics between phases 2 and 3. On implementation of the intervention, the checklist was used in 15.2% of ED visits for atrial fibrillation.
At ED presentation, there were 167 patients (46.4%) receiving oral anticoagulation in phase 1, 42 (29.0%) in phase 2, and 36 (28.6%) in phase 3. These patients were excluded from the primary analysis. For patients who were oral anticoagulation eligible and not receiving oral anticoagulation at the ED visit, the rate of oral anticoagulation at ED discharge increased from 15 Tables 3 and 4 ). The increase in rate of new oral anticoagulation prescription in phase 3 compared with phase 1 was 31.4% (95% CI 18.2% to 44.6%) ( Table 3) . Comparing phase 2 with phase 1 demonstrated a 38.2% increase (95% CI 25.1% to 51.3%) in rate of oral anticoagulation prescription. No statistically significant difference in oral anticoagulation prescription was observed when phase 3 was compared with phase 2 (adjusted OR 0.80; 95% CI 0.39 to 1.65). On subgroup analysis by sex and CHADS 2 score (!2 versus <2), no significant interaction was observed (Table 4) .
Follow-up data were available for 133 patients at 1 month and 127 at 6 months in phase 2, and 117 patients at 1 month and 107 at 6 months in phase 3. The reason for any patients lost to follow-up was inability to connect by telephone. At 30 days for the patients who were not receiving oral anticoagulation at the ED visit and were oral anticoagulation eligible, the oral anticoagulation rate was 63.2% in phase 2 and 72.1% in phase 3 (adjusted OR 1.51; 95% CI 0.66 to 3.44). At 6 months, oral anticoagulation use in this same group was numerically higher in phase 3 than in phase 2, although it did not reach statistical significance (71.6% versus 79.4%; adjusted OR 2.30; 95% CI 0.89 to 5.96). The predictors of oral anticoagulation use at 6 months in the oral-anticoagulation-eligible population on univariate analysis were older age, oral anticoagulation prescription before or at the ED visit, female sex, and specialist visit (Table 5) . On multivariable analysis, oral anticoagulation before or at the ED visit and specialist visit remained the most important predictors of oral anticoagulation use at 6 months. The rate of stroke at 6 months was 1.4% in phase 1, 1.6% in phase 2, and 1.9% in phase 3, with no significant difference between groups. Of the 9 patients who experienced a stroke, 3 were not receiving oral anticoagulation at their initial ED visit; it is unknown whether these patients were receiving therapeutic oral anticoagulation at the stroke. Major bleeding was observed in 0%, 0.8%, and 1.0% of patients in phases 1, 2, and 3, respectively. Minor bleeding was observed in 0.8%, 4.0%, and 1.0% of patients in phases 1, 2, and 3, respectively. There was no significant difference in any of these outcomes among the phases, except for minor bleeding, which was higher in phase 2.
Recurrent ED visits for atrial fibrillation-related reasons occurred for 37.6% of patients (221/588) at 6-month follow-up. There was no difference in the rate of atrial fibrillation-related ED visits between the 3 phases (37.5%, 37.9%, and 37.5%). There was a trend toward a reduction in atrial fibrillation-related hospitalizations in phases 2 and 3 (8.0% and 5.8%, respectively) compared with phase 1 (12.8%), but on multivariable analysis, no difference in atrial fibrillation-related hospitalizations or ED visits was found among the 3 phases.
LIMITATIONS
There are some limitations to our study. It used a before-after design with a historical control, rather than a contemporaneous one. This design was chosen to permit the study intervention to result in minimal disruption in ED flow, which may have affected use of the tool. Alternatively, there may have been selection bias because recruitment of patients depended on their identification by the emergency physician in phases 2 and 3; the overall use of the tool was 15.2%. This may have resulted in an overestimate of the effect of the ED tool, but nevertheless, after multivariable adjustment of baseline characteristics, when the tool was not used it remained a significant predictor of increased oral anticoagulation prescription in patients for whom it was applied.
Limited data were available on the differences in baseline characteristics between patients who consented compared with those who did not. From the data available on these patients, there were no significant differences. We expect that if all patients presenting to the ED were included in phases 2 and 3, the population would be similar to what was observed in phase 1; however, the differences that were present provide some insight into which patients emergency physicians may be more likely to use such a tool for, such as those presenting with a primary diagnosis of atrial fibrillation, younger age, and new-onset atrial fibrillation.
The study had a short follow-up and was not powered to detect differences in ED visits or hospitalizations, so these outcomes should be interpreted with caution. In addition, the instructions given to patients in regard to when to return to the ED were not standardized among emergency physicians participating in the study, although the educational information provided to the patient was consistent. There are known limitations to retrospective data collection. 17, 22 We made multiple efforts to limit the bias by predefinition of outcomes measures, periodic meetings with data abstractors, detailed protocol, and training of data abstractors. The data abstractors were not blinded to the phase of the study. This may have introduced some bias; however, the endpoint used was quantitative rather than qualitative, limiting the effect of lack of blinding.
Finally, residual confounding factors not adjusted for in the multivariable analysis could be another limitation.
DISCUSSION
This study suggests that a simple intervention to guide oral anticoagulation prescription in the ED was associated with an increase in the rate of prescription of oral anticoagulation for patients who are at risk for stroke. We found that oral anticoagulation prescriptions increased by greater than 30% after the introduction of a simple ED oral anticoagulation prescription tool in combination with a patient educational pamphlet. The increased use of oral anticoagulation was sustained during 6 months of follow-up.
To our knowledge, this is the largest study to use an ED-based tool to increase oral anticoagulation prescription at discharge for patients who present to the ED with atrial fibrillation. The tool used in this study was designed to be scalable and easily implementable for broad use in the ED community. To ensure safety within our protocol, we designed our atrial fibrillation checklist with this in mind. One of the limitations we placed on oral anticoagulation prescription in the ED was for patients older than 80 years. The investigators thought that this population might be at increased risk of bleeding, according to previous studies, 15 and that these patients should undergo rigorous assessment by their family physician, with close observation, when oral anticoagulation is to be initiated. This was a safeguard in our study but may not necessarily be applied if this checklist were to be used in the future.
In our study, the addition of an atrial fibrillation clinic did not change ED prescribing behavior, refuting the hypothesis that early follow-up postdischarge will result in greater oral anticoagulation prescription from the emergency physician. Other studies have piloted using a rapid referral process (within 7 days) to an atrial fibrillation clinic and a toll-free hotline to evaluate outcomes in patients who present with recent-onset atrial fibrillation to an ED. 23 Similar programs with atrial fibrillation clinics have been established and have demonstrated reductions in ED visits and hospitalizations, and have shown increased rates of oral anticoagulation prescription over usual care, but the effect of these programs on ED management has not been previously evaluated, to our knowledge. [24] [25] [26] This study did demonstrate a trend toward increased oral anticoagulation use at 6 months with the addition of the atrial fibrillation clinic. A 79% rate of oral anticoagulation use for patients presenting to the ED, as observed in phase 3 at 6 months, is among the highest rates for ambulatory patients with atrial fibrillation. 7, 27, 28 A recent study demonstrated similar improvements during a short intervention period at 2 urban sites using an atrial fibrillation and atrial flutter pathway, with new oral anticoagulation increasing from 48.6% to 70.2% after implementation. 29 Our findings suggest that the management decisions made during the encounter in the ED may be a critical point in the patient's care pathway for atrial fibrillation. Acute management of atrial fibrillation is the focus of an ED visit; whether oral anticoagulation prescription is part of acute management has been controversial. Similar findings were reported by a study using administrative data in Ontario, in which prescription of oral anticoagulation at the ED visit was associated with persistence at 6 months. 8 We found a high rate of return visits to the ED for atrial fibrillation-related reasons, reaching 37.6% at 6 months, with a trend toward reduction in hospitalization for atrial fibrillation-related causes in phases 2 and 3. This finding is in contrast to those of other studies that have demonstrated significant benefits with an atrial fibrillation clinic in these outcomes. 24, 25 It is possible that the lack of ongoing followup with the atrial fibrillation clinic contributed to this finding because the clinic was available only in the context of the research study. Patients were encouraged to make contact with the atrial fibrillation clinic for ongoing issues, but follow-up visits were not part of the protocol. This finding may be important in determining how resources should be allocated in the use of atrial fibrillation clinics, and that continuity of care with the atrial fibrillation clinic may be critical to providing a reduction in important atrial fibrillation-related outcomes, including recurrent ED visits and hospitalizations, as well as ensuring persistence of oral anticoagulation use.
There are important issues that need to be highlighted about the prescription of oral anticoagulation in the ED. Management of atrial fibrillation in the ED has primarily focused on restoring sinus rhythm and achieving adequate rate control, and less on preventing stroke. In a multicenter cohort study by Stiell et al 30 of atrial fibrillation patients presenting to the ED, 8.6% of patients received a prescription for oral anticoagulation at 30 days. A cohort study demonstrated a 0.7% risk of stroke at 30 days in patients who underwent cardioversion in the ED, without anticoagulation. 31 Barrett and Marill 32 proposed the notion that short-term prescription of oral anticoagulation, as was mandated in this study, is an appropriate option for emergency physicians, providing stroke prevention for patients and minimizing risks associated with long-term anticoagulation. Prescription of long-term oral anticoagulation has generally been performed by physicians who provide longitudinal care for the patient to ensure sufficient time for discussion of risks and benefits and provide adequate follow-up. The rate of bleeding associated with oral anticoagulation prescription in the ED in this study was low and was similar to the rate of stroke in the 6-month follow-up period. This study was not powered to detect differences in these outcomes, but it does suggest that there is no significant harm from increased oral anticoagulation prescription in the ED. Finally, the indications for oral anticoagulation use vary somewhat between guidelines; these variations are subtle and would need to be considered in the application of our intervention if used in jurisdictions aside from Canada. 33, 34 As the survival rate for patients older than 65 years continues to improve, the burden of atrial fibrillation worldwide will continue to increase. Atrial fibrillation-related stroke continues to be a source of significant morbidity and mortality. The ED is often the first point of diagnosis for this condition, for which appropriate management to reduce stroke, as well as recurrent ED visits and hospitalizations, is required. Further work to implement this intervention widely to assist in addressing the gap in atrial fibrillation-related stroke prevention should be performed.
